The study of the behavior of a standing wave inside a resonant cavity, such as a closed tube, has always been of great revelation in the manufacture of wind musical instruments, in addition to research carried out on the transfer and absorption of heat, energy and pressure for the acoustic characterization of materials by injecting sound waves at one end of the Kundt's tube. In this work, we did the implementation of two experiments for measure the speed of sound, using a Kundt's tube where also we obtained the bellies and nodes of the sound wave and we verificated with a computational code that was wrote for us in Python, in which we made simulation of the temporal evolution was achieved of the wave that vibrated inside the tube. Finally, we show the wave profile for the first four harmonics with computational simulations and we presented the experimental results by two different methods, these were compared with the obtained using the equations modeled by the undulatory theory of physics.
Introduction
Undulatory phenomena have been of great importance in the study of physics, for teachers, researchers and engineers in many fields such as optics and acoustics, in which these phenomena have several relevant applications. Using the fundamental concepts, belonging to the branch of physics waves and particles, we present an experimental procedure, with which the definition of a standing wave can be explained, as the superposition of two waves propagating in opposite directions, besides being able to show the position of the nodes and bellies using small spheres of polystyrene inside the tube (See the Figure 2(b) ).
With the purpose of model the equations that govern the movement of the wave inside the tube, we realiced a computational simulation, with wich we show the change in the behavior of the wave for different frequency values, in order to better observe the vibratory movement of the standing wave present in the tube, here it was possible to identify and verify the corresponding independence of the number of nodes and antinodes as a function of the oscillation fundamental frequency and the harmonics of the acustic wave.
The remaining part of this paper is organized as follows: Section 2, describes the theoretical background model corresponding to the calculates that we needing for modeling the phenomenom to study. In Section 3, shown the experimental procedure for the data-taking. In Section 4, presents the results of the numerical analysis for the four first harmonic, that is developed with a series of simulations, after of this we showed the experimental results of calculation sound velocity in the Kundt's tube, using two different methods.
Theoretical Background
The physical system to be studied is shown in the Figure 1 . The theoretical basis for understanding the operation and being able to interpret the experimental results with the Kundt's tube focuses on the study of standing waves and their discretization in normal modes [1] , stationary waves are a particular case of the phenomenon of wave interference, since it deals with the superposition of waves with equal amplitudes and wavelengths, which travel in the same direction but in the opposite directions [2] .
In the standing waves in tubes, each gas molecule oscillates around its equilibrium position when the tube is excited at a certain frequency. In the case of the Kundt's tube, the standing waves are inside a tube that usually has one end closed. When the tube is closed at both ends it is called a closed tube. In addition, it is of great importance to emphasize that the amplitude of the resulting stationary wave generated, despreciando the effects of absorption and damping, must be twice the amplitude of the waves that initially overlap to form it. The equation that models the oscillatory behavior of a standing wave is expressed in the Equation (1) y(x, t) = 2Asin(kx) · cos(ωt),
where k and ω, are the number of wave and the angular frequency respectively, their mathematical expression is given by:
where λ is the wavelength, in order to find the position of the nodes and bellies inside the tube, we must take into account Equation (1), where to find the nodal points of zero oscillation, we do:
The condition for the sinusoidal function to be canceled is fulfilled only for n integer values of π
from the above equation it follows that the standing wave presents a node for the position x:
It is also very important to find the position of the bellies of the wave, which will be the values of maximum amplitude of the stationary wave, algebraically this is expressed as:
The condition for the function sin(kx) to be maximum is given for odd integer values 2n + 1, in the following way:
From the above equation, we can deduce that the position for each belly is:
From equations (5) and (8) it can be seen that the separation distance between two nodes and two consecutive bellies is equal to half a wavelength λ/2.
Continuing with the boundary conditions of a Kundt's tube, for which at the two ends of the tube, a node is presented,
Where L is the length of the tube ,applying these boundary conditions to equation (1), we obtain the n normal modes of system oscillation, which are:
continuing in the operation for the number wave k, we obtained
where n are integers values, the above equation as a function of the wavelength, can be expressed as follows,
If we use the ratio of the speed of propagation of the wave, depending on the wavelength and frequency, we can obtain the frequency for the different harmonics n, in the following way:
with this last expression, we can calculate the speed of sound inside the resonant chamber,
3 Experimental study
To perform the experimental study of standing waves in the Kundt's tubes, the assemblies shown in figures 2(a) and 2(b) were made, where in the experiment of Figure 2 (a), it was necessary to use a digital oscilloscope to detect the position of the antinodal points and in Figure 2 (b) this detection was used observing the organization of the small polystyrene spheres [3] .
For both experiments, we used an signal generator and mesuremented the separation distance between two consecutive bellies (antinodes) L x , also we registered the wavelength value λ and period T , were recorded for six different frequencies values, these data are recorded in the tables 1 and 2. Table 2 : Experimental data, using the assembly of the Figure 2 (b).
Results

Numerical Analysis
One of the relevant features of this work consists in the elaboration of a computer code written in Python, and executed using the Jupyter Notebook tool [4] , with which it was possible to observe the different harmonics for the case of a tube of 1 meter in length.
We did the simulation of the standing wave in a kundt's tube, for the first five harmonics using the equations (13) and (14) as shown in Table 3 , where we take the speed of sound equal to 243 m/s [5] . Table 3 : Number of harmonics present in the tube as a function of frequency and period.
In the figure 3 , we can observe the behavior of the standing wave inside the Kundt's tube for the first four harmonics. 
Experimental Analysis
In order to measure the speed of sound in the air [6] , using the two experimental assemblies shown in the section 3, we look for an analytical model that can be adjusted to the experimental data presented in tables 1 and 2.
We used the values in Table 1 and performing a linear fit of the data with the Equation (15), we obtained the relationship shown in Figure 4 .
On the other hand, the linear fit for the data shown in Table 2 is shown in Figure 5 , using the linear model shown in Equation (15), Table 4 From the results shown in Table 4 , we could notice that a lower percentage of error is obtained for the case of the first experimental assembly, in which we use the digital oscilloscope, unlike the second experimental setup, in which we observe the spatial distribution of the small spheres of polystyrene, for measured the distance between two consecutive bellies.
Conclusions
In this article, we were able to show two experimental methods, in which we were able to measure the speed of sound, with an experimental percentage relative error below 11%, also we present the results obtained from the computational simulation; for the first four harmonics and with this, we can understand better the wave phenomenon that occurs inside a Kundt tube.
